Two experiments were conducted to determine the standardized ileal digestible (SID) His:Lys requirement of 15-to 25-lb nursery pigs. A total of 360 and 350 pigs (DNA 241 × 600), initially 15.6 and 14.5 lb body weight (BW), were used in Exp. 1 and 2, respectively. There were 5 pigs per pen and 12 and 10 replicates per treatment in Exp. 1 and 2, respectively. After weaning, pigs were fed a common pelleted diet for 10 d in Exp. 1 and 7 d in Exp. 2. Then, pens were assigned to treatments in a randomized complete block design with BW as the blocking factor. Dietary treatments consisted of SID His:Lys ratios of 24, 28, 32, 36, 40, and 44% in Exp. 1 and 24, 28, 30, 32, 34, 36, and 42% in Exp. 2. Experimental diets were fed in pellet form for 10 d in Exp. 1 and 14 d in Exp. 2 followed by a common mash diet for 15 d in Exp. 1 and 14 d in Exp. 2. Data were analyzed using the GLIMMIX and NLMIXED procedures of SAS. Competing statistical models were quadratic polynomial (QP), broken-line linear (BLL), and broken-line quadratic (BLQ). In Exp. 1, increasing SID His:Lys increased (quadratic, P < 0.001) average daily gain (ADG), average daily feed intake (ADFI), and BW and improved (quadratic, P < 0.001) feed-to-gain ratio (F/G). In Exp. 2, ADG increased (quadratic, P = 0.001) and F/G improved (quadratic, P = 0.001) and ADFI linearly increased (P = 0.001) with increasing SID His:Lys. The best-fitting model for all response variables analyzed was the BLL. In Exp. 1, requirement estimates were 29.7%, 29.1%, and 29.8% SID His:Lys for ADG, ADFI, and gain-to-feed ratio (G:F), respectively. In Exp. 2, the SID His:Lys requirements were estimated at 31.0% for ADG and 28.6% for G:F. These results suggest that the NRC may overestimate the SID His:Lys requirement for 15-to 25-lb pigs. Therefore, nursery diets can be formulated with higher inclusion of crystalline amino acids before His becomes limiting. 
Summary
Two experiments were conducted to determine the standardized ileal digestible (SID) His:Lys requirement of 15-to 25-lb nursery pigs. A total of 360 and 350 pigs (DNA 241 × 600), initially 15.6 and 14.5 lb body weight (BW), were used in Exp. 1 and 2, respectively. There were 5 pigs per pen and 12 and 10 replicates per treatment in Exp. 1 and 2, respectively. After weaning, pigs were fed a common pelleted diet for 10 d in Exp. 1 and 7 d in Exp. 2. Then, pens were assigned to treatments in a randomized complete block design with BW as the blocking factor. Dietary treatments consisted of SID His:Lys ratios of 24, 28, 32, 36, 40, and 44% in Exp. 1 and 24, 28, 30, 32, 34, 36, and 42% in Exp. 2 . Experimental diets were fed in pellet form for 10 d in Exp. 1 and 14 d in Exp. 2 followed by a common mash diet for 15 d in Exp. 1 and 14 d in Exp. 2. Data were analyzed using the GLIMMIX and NLMIXED procedures of SAS. Competing statistical models were quadratic polynomial (QP), broken-line linear (BLL), and broken-line quadratic (BLQ). In Exp. 1, increasing SID His:Lys increased (quadratic, P < 0.001) average daily gain (ADG), average daily feed intake (ADFI), and BW and improved (quadratic, P < 0.001) feed-to-gain ratio (F/G). In Exp. 2, ADG increased (quadratic, P = 0.001) and F/G improved (quadratic, P = 0.001) and ADFI linearly increased (P = 0.001) with increasing SID His:Lys. The best-fitting model for all response variables analyzed was the BLL. In Exp. 1, requirement estimates were 29.7%, 29.1%, and 29.8% SID His:Lys for ADG, ADFI, and gain-to-feed ratio (G:F), respectively. In Exp. 2, the SID His:Lys requirements were estimated at 31.0% for ADG and 28.6% for G:F. These results suggest that the NRC 4 may overestimate the SID His:Lys requirement for 15-to 25-lb pigs. Therefore, nursery diets can be formulated with higher inclusion of crystalline amino acids before His becomes limiting.
Introduction
Practical nursery diets are formulated with high inclusion of crystalline amino acids (AA). In most situations, it is economical to add L-Lys, L-Thr, L-Trp, DL-Met, and L-Val. In such cases, the NRC 4 AA requirement estimates suggest that His may become the sixth limiting in 15-to 25-lb BW nursery diets supplemented with high amounts of these amino acids. Thus, the His concentration may limit the inclusion of higher levels of crystalline amino acids in nursery diets. Amino acid requirements are often expressed as a SID ratio to Lys (SID His:Lys). The NRC 4 estimates the SID His:Lys requirement at 34% for nursery pigs from 15-to 25-lb. Recent research suggests that the NRC 4 recommendations may overestimate the His requirement. Gloaguen et al.
5 determined that 32% SID His:Lys was the requirement for 24-to 43-lb pigs and Wessels et al. 6 estimated the SID His:Lys requirement at 28% for 18-to 46-lb pigs. However, there is a lack of research investigating the SID His:Lys requirement of younger pigs. Therefore, the objective of our study was to determine the SID His:Lys requirement for 15-to 25-lb pigs.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocols used in these experiments. Two experiments were conducted at the Kansas State University Swine Teaching and Research Center in Manhattan, KS. All diets were manufactured at the Kansas State University O.H. Kruse Feed Technology Innovation Center in Manhattan, KS. Corn, soybean meal, spray-dried whey, and whey protein concentrate were analyzed for total amino acid content prior to diet formulation (Ajinomoto Heartland, Chicago, IL) and diets were formulated using these values.
In Exp. 1, a total of 360 pigs (DNA 241 × 600; initial average BW of 15.6 lb) were used in a 25-d growth trial, where test diets were fed for 10 d and a common diet was fed for 15 d. In Exp. 2, 350 pigs (DNA 241 × 600; initial average BW of 14.5 lb) were used in a 28-d growth trial, where test diets were fed for 14 d and a common diet was fed for 14 d. Pigs were weaned at approximately 21 d of age and placed in pens of 5 pigs each based on initial BW and gender. A common phase 1 pelleted diet was fed for 10 d in Exp. 1 and 7 d in Exp. 2. At d 7 or 10 after weaning, which was considered d 0 of the trial, pens of pigs were randomly allotted to treatment in a randomized complete block design with BW as the blocking factor. There were 12 replicates per treatment in Exp. 1 and 10 replicates per treatment in Exp. 2.
In Exp. 1 and 2, the same basal diet containing corn, spray-dried whey, and whey protein concentrate was formulated to 24% SID His:Lys. Then, L-His was added at the expense of corn to create the high SID His:Lys diets at 44% (Exp. 1) or 42% (Exp. 2). Within each experiment, the low and high diets were blended to achieve intermediate SID His:Lys (Table 1 ). In Exp. 1, six dietary treatments were created to contain 24, 28, 32, 36, 40 , and 44% SID His:Lys. In Exp. 2, there were seven dietary treatments consisting of 24, 28, 30, 32, 34, 36 , and 42% SID His:Lys. The SID Lys was 1.25% to ensure Lys was the second limiting amino acid and all other amino acids met or exceeded the NRC 4 requirement estimates. Experimental diets were fed for 10 d in Exp. 1 and 14 d in Exp. 2 followed by a common phase 3 diet for 15 d in Exp. 1 and 14 d in Exp. 2. Experimental diets were pelleted and the processing parameters were: 123 °F average conditioning temperature, 156 °F average hot pellet temperature, 13/64 in. die size (L/D = 5.0), 1,560 lb/h production rate, 85.7 °F ambient temperature, and 82% relative humidity. The common diet was provided in mash form.
Each pen (5 × 5 ft) was equipped with a 4-hole, dry self-feeder and a cup waterer to provide ad libitum access to feed and water. Pigs were weighed and feed disappearance was measured on d 0, 7, 10, 18, and 25 in Exp. 1 and on d 0, 7, 14, 21, and 28 in Exp. 2.
Representative diet samples were obtained from all feeders of each treatment. Samples were analyzed for dry matter, crude protein, calcium, phosphorus, sodium, and chloride (Ward Laboratories, Inc., Kearney, NE) as well as total amino acid content (Ajinomoto Heartland, Inc., Chicago, IL).
Data were analyzed as a randomized complete block design with block as a random effect and pen as the experimental unit. Polynomial contrasts were constructed to evaluate the linear and quadratic effects of increasing SID His:Lys on ADG, ADFI, F/G (modeled as G:F), and BW. Contrast coefficients were adjusted for unequally spaced treatments in Exp. 2. Data were analyzed using the GLIMMIX procedure of SAS (SAS Institute Inc., Cary, NC). Results were considered significant at P ≤ 0.05 and marginally significant at 0.05 < P ≤ 0.10.
Competing dose response models consisted of quadratic polynomial (QP), broken-line linear (BLL), and broken-line quadratic (BLQ). Broken-line regression models were fitted using the NLMIXED procedure of SAS according to the procedures of Gonçalves et al. 7 Models were expanded to account for heterogeneous variance when needed. Competing models were compared using the Bayesian information criteria (BIC), with decreases by 2 or more units considered an improved fit. Results reported correspond to the best fitting model.
Results and Discussion
The proximate analyses and total amino acids were consistent with formulated estimates (Tables 2 and 3 ). Amino acid analysis showed a stepwise increase in total His levels.
In Exp. 1, ADG and ADFI increased, then plateaued (quadratic, P < 0.001) and F/G improved, then plateaued (quadratic, P < 0.001) with increasing SID His:Lys from d 0 to 10, when experimental diets were fed (Table 4) . For all response variables, the best fitting model was the BLL. The estimated regression equation for ADG ( Figure 1 During the post-test period (d 10 to 25), ADG decreased (linear, P = 0.025) and F/G was poorer (linear, P = 0.002) in pigs previously fed diets with increasing SID His:Lys. There was a quadratic response (P < 0.01) for BW on d 10 and 25. Overall (d 0 to 25), ADG and ADFI were greater (quadratic, P < 0.05) and F/G marginally improved (quadratic, P = 0.095) with increasing SID His:Lys.
In Exp. 2, from d 0 to 14 when experimental diets were fed, ADG increased, then plateaued (quadratic, P = 0.001) and F/G improved, then plateaued (quadratic, P = 0.001), and ADFI linearly increased (P = 0.001) with increasing SID His:Lys (Table 5 ). The response for ADFI was not modeled due to its linear nature. Similar to Exp. 1, the best fitting model was the BLL for ADG and G:F. The maximum mean ADG was estimated at 31.0% (95% CI: [29.7, 32 .3%]) SID His:Lys and the estimated regression equation (Figure 4 During the post-test period (d 14 to 28), ADFI increased (linear, P = 0.003) and F/G worsened (quadratic, P = 0.002) in pigs previously fed diets with increasing SID His:Lys. There was a quadratic response (P < 0.01) for BW on d 14 and 28. Overall (d 0 to 28), ADG and ADFI were greater (quadratic, P < 0.01) and F/G improved (quadratic, P = 0.011) with increasing SID His:Lys.
In conclusion, SID His:Lys requirement estimates were similar in Exp. 1 and 2. The treatments in Exp. 2 were more closely spaced around the anticipated breakpoint.
The narrower range of SID His:Lys in Exp. 2 allowed the modeling of a more precise requirement estimate. Practical implications are due to a marginal increase in growth rate of the pigs fed the SID His:Lys of 30%, resulting in a slightly higher breakpoint for ADG in the second experiment. Results suggest that the SID His:Lys ratio to optimize performance ranges from 28.6 to 31.0%. The requirement estimates observed in this study are lower than the current NRC 4 recommendation of 34% SID His:Lys. Therefore, nursery diets can be formulated with high inclusions of crystalline amino acids before His becomes limiting. 
